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Abstract

Testing of glass coated accelerator grids on mercury
bombardment thrusters has revealed the presence of con-
ductive coatings of facility backsputtered material on
downstream glass surfaces, Tests in two vacuum tanks
of different sizes indicated that these backsputtered coat-
ings improve the beam current extraction capability of
the grid. Results from these tests lead to several lim~
itations on the type of facility which can be used for test-
ing glass coated grids. Tests of several grids with dif-
ferent geometries have shown that grids which do not de-
pend on backsputtered material for high beam current
(1.5 amp) capability can be fabricated.

Introduction

Electron bombardment thrusters which can operate
efficiently at power input levels from 2 to 3 kilowatts and
specific impulses of 2000 to 3000 seconds are currently
of interest for some primary propulsion applications. a,
Such thrusters are currently being studied. (34 The
30-cm diameter thrusters provide much better perform-
ance at low specific impulse when operated with glass
coated accelerator grid rather than the conventional, two
grid system. However, backsputtered material from the
vacuum tank walls has been observed on the downstream
glass surfaces which are exposed to the vacuum tank, A
series of tests was run to determine any significant ef-
fect that these backsputtered coatings have on grid per-
formance, The tests were run in vacuum tanks where
the amount and type of electrically conductive material
which could be sputtered could be controlled or elimi-
nated, These coatings of backsputtered material signif-
icantly affect the beam current extraction capability of
the glass coated grid,

The effect of vacuum tank size on the build up of con~
ductive coatings and the effect of exposure to atmosphere
on these coatings were investigated, Two grid geom-~
etries which simulated a conductive coating on the glass
surfaces were also tested.

Apparatus

The thruster used in this investigation was a 30-cm
diameter electron bombardment thruster with a hollow
cathode, described in Refs, 3 and 5. A sketch of the
thruster is shown in Fig. 1. One of two similar glass
coated accelerator grids were used for all but one test.
The fabrication and performance of glass coated accel-
erator grids are detailed in Refs, 3, 5, 6, and 7. A
cross-sectional sketch of the glass coated grid is also
shown in Fig, 1. A plasma bridge neutralizer(8) was
used in all tests,

Tests were conducted in two vacuum tanks. The
smaller tank was 1.5 m ~ diam. by 4.6 m long. A stain-
less steel target was located 2, 3 m from the plane of the
accelerator (fig, 2(a)). A liquid nitrogen cooled copper
baffle was used to maintain pressures in the low 1075 torr
range during thruster operation. A photograph of this
tank is shown in Fig. 2(a). For several tests, this tank
was lined with an electrical insulating material made of
509 aluminum oxide and 50 % silicon dioxide, Baffles of
this material were used to eliminate nearly all lines of
sight between the accelerator grid and all metal surfaces.
In this way, the possibility of conductive material de-
positing on the accelerator grid was virtually eliminated,
A photograph of the lined vacuum tank-is shown in Fig,
2(b).

The larger vacuum tank was 7. 6 m—diam, by 21,3 m
long. 9 This facility also had a liquid nitrogen cooled
baffle which made pressures less than 5x10~6 torr possi-
ble during thruster operation. This tank was always
operated without insulating liners,

For most runs, clean glass slides were mounted in
the vacuum tank in order to estimate the amount of back-
sputtered material., Some slides were mounted down-
stream facing the thruster to permit direct beam ion im-~
pingement. Most slides were mounted near the plane of
the accelerator facing the vacuum tank to collect back-
sputtered materials, Some of these latter slides were
left in pesition throughout the test while others were
mounted on a rotating wheel which permitted one slide
to be exposed for a segment of a run,

In order to determine the existence of any conductive
coating on the downstream glass wall of the accelerator
grid, a special probe was fabricated to fit into a grid
hole, The resistance between the probe and the accel-
erator grid substrate material was measured using a
digital ohm meter. A cross-section of the probe and
grid is shown in Fig. 3. The accuracy of such a meas-
urement depends on the amount of contact resistance en-
countered. Since this variable could not be easily con-
trolled, these probe measurements can only be consid~
ered to provide qualitative measure of any coatings which
might be present on the glass surface. For all tests
where quantitative results are compared, the probe was
used in the vertical direction only so that the amount of
contact resistance was determined by the weight of the
probe and would be consistent for all tests,

Procedure

Thruster Operation

The same thruster start-up procedure was used for
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all tests reported. The cathode tip, neutralizer tip, dis-
tributor heaters, ‘and positive and negative extraction
voltages, were turned on at the beginning of a preheat
period of 30 to 70 minutes, After the preheat period,
mercury propellant was fed to the neutralizer. Within

10 minutes, a discharge was established between the
neutralizer and neutralizer anode, At this point, pro-
pellant was fed to the cathode and a discharge established
between the cathode and cathode keeper. The discharge
between cathode and thruster anode was initiated almost
simultaneously and an initial ion beam was extracted,
The injtiation of the main discharge and extraction of the
ion beam was used as the time reference for the start of
the test, At this point, propellant was fed through the
distributor directly into the discharge chamber (fig. 1).

Both cathode and main vaporizers, emission current,
and extraction voltages were set to provide nominal pro~
peliant flow rates required for 1.5 amp beam current
operation, 3 Vaporizer temperature and heater powers
were used as guide lines for the propellant flow rates
since accurate propellant flow readings cannot be ob-
tained until the system has reached thermal equilibrium,
This requires approximately 1 hour(3}, Maintaining con-
stant propellant flows was difficult during periods of
rapidly changing beam current, Propellant flow rates,
emission current, and extraction voltages were generally
kept constant throughout a test.

Grid Documentation and Cleaning

The grid condition before and after tests was docu~
mented by inspection under a microscope and by photo-
micrographs of selected grid areas, Ten-power photo-
graphs were also taken of larger areas, The same area
was documented before and after each test for compari-
son. Electrical resistance measurements were made of
the glass surface as described in Fig, 3 before and after
many tests.

The grid was cleaned before several of the tests in
order to remove any conductive coating which might be
present from previous tests. This was accomplished by
washing the grid in aqua regia, followed by sodium hy-
droxide solution, and finally aqua regia plus sulfuric
acid, After the acid wash the grid was rinsed with dis-
tilled water and acetone and dried in a nitrogen atmos-
phere, This procedure effectively removed all traces
of conductive coatings on the glass surfaces (fig. 4(a)).
Some erosion of the metal substrate was experienced.
The erosion was most severe where the glass coating
meets the downstream face of the molybedenum substrate
(fig, 4). Most of this erosion occurred during the first
acid cleaning, )

Results and Discussion

Effect of Initial Coating

The first two tests were run in the 1.5 m diameter
vacuum tank with the metal walls exposed (fig. 2(a)).
The grid had been run for a period of approximately 90
hours prior to test 1, during which time a coating of con-
ductive material had built up on the downstream glass
surface of the grid, The existence of a conductive coat-

ing was inferred from several facts, Visual inspection
prior to test 1 showed a coating existed on the glass sur-
face. Resistance measurements after test 1 showed a
conductive coating existed (fig, 5). The resistance val-
ues were generally less than 10 megohms, Only one of
the 120 holes sampled had a resistance greater than the
limit of the instrument (17 M§). The average values for
the other holes was about 1, 4 megohms,

The grid was acid cleaned between tests 1 and 2,
Measurements before test 2 indicated a resistance in
excess of the instrument limit, Measurements after
test 2 showed the presence of a conductive coating, In
this case, 31 of the 120 holes sampled had resistance
values in excess of the instrument limit. The average
for the other holes was 4, 9 megohms, This was despite
the fact that the run times for both tests were almost the
same, The lower resistance values after test 1 indicate
that the coating observed at the start of test 1 was prob-
ably conductive,

Figure 5 shows the resistance of the coating to be
many orders of magnitude lower near the periphery than
in the center of the grid. This is attributed to two facts.
First, a neutralizer shield screen (fig, 1) which was pre-
sented in tests 1 and 2 provide a metallic source of back-
sputtered material which intercepted beam ions leaving
the thruster at high angles of divergence, It is therefore -
probable that this material would arrive at the grid pe-
riphery in greater quantities than at the grid center.

Also, probe measurements have shown that the beam
current density at the grid periphery is about an order
of magnitude lower than the beam current density in the
center. Thus, any cleaning of the glass surfaces due
to ion bombardment of these surfaces would be greatly
reduced.

The beam current-time plots for tests 1 and 2 are
given in Fig, 6. Test 1, with the previously deposited
coating, required 40 minufes to reach 1.5 A beam while
test 2, after acid cleaning, required 110 minutes to
reach the same beam current under the same start-up
conditions, The longer time required is attributed to
the fact the conductive coating, removed by the acid
cleaning, had to be replenished in the extra 70 minutes,

Effect of Back Sputtered Conductive Material

To further investigate the effect of a conductive coat-
ing resulting from back-sputtered facility material, sev-
eral tests were run in the 1, 5 m diameter vacuum tank
with insulating liners in place (fig. 7). Test 3 was run
with a grid initially free of a conductive coating. During
the 650 minutes of test, no source of backsputtered con-
ductive material was available, Figure 7 shows the
beam current to be near constant 0.5 amp for the entire
test indicating the need for a conductive coating to ex-
tract a 1,5 A beam for this type of grid,

Further evidence of the need for a conductive coating
was found from tests 4 and 6, The grid was cleaned be-
fore each test and resistance measurements showed no
conductive coating, In both tests, the thruster was ini-
tially run in the 1, 5 m diameter vacuum tank with the
insulating liners (test segments 4A and 6A). As shown



in Fig. 7, the performance duplicated that of test 3.
After 240 minutes of operation in test 4, a 30 cm diam-
eter copper target, was inserted in the beam approxi-
mately 75 cm downstream of the accelerator grid (test
segment B). This target intercepted approximately 30%
of the fotal beam current. An immediate increase in
beam current was noted as the copper target material
was sputtered back to the grid. The beam current
leveled off at 1.25 A after 110 minutes of operation.

A similar procedure was followed in test 6. The
only difference was that the target was 45 cm in diam-
eter and made of platinum. ‘This target intercepted
about 55% of the beam current. The larger target af-
forded a higher flux of target material arriving at the
grid. The beam current increased more rapidly during
test 6B than in test 4B, requiring only 55 minutes to
reach 1.5 A beam current.

Tests 3, 4, and 6 offer proof that the grid used
could not extract a beam current much greater than
0.5 A without an additional coating of conductive mate~
rial on the downstream glass surfaces and that the rate
at which the beam current increased depended on the rate
of deposition of the conductive material.

After several of the tests, a deposit of conductive
material was noted on the discharge chamber (upstream)
side of the glass. A typical deposit of this type is shown
in Fig. 8(a). Figure 8(b) shows a similar grid which is
free of this conductive coating. Both grids were capable
of extracting a 1.5 A beam current after the downstream
glass surfaces were sufficiently coated with conductive
material. Thus, in the thruster investigated, a conduc-
tive coating on the discharge chamber (upstream) side of
the grid was not required to extract a 1.5 A beam cur-
rent.

Facility Size

The time required to reach a beam currentof 1.5 A
depends on the initial condition of the grid. If the grid
has an initial conductive coating, then the beam rise
time is determined by the thermal response of vapori-
zers and other thruster components. This time is typi-
cally less than 1 hour and depends on the startup proce-
dure followed. If the grid does not have an initial con-
ductive coating, then the beam rise time is determined
by the arrival rate of back sputtered material at the ac-
celerator grid. This arrival rate is a function of the
facility or farget design and location.

A calculation of the thickness of the coating on the
thruster centerline in monolayers as a function of the
number of beam ions in ampere-minutes is presented in
Fig. 9. This calculation is based on the following as-
sumptions:

1. The energy of the beam ions is 800 eV (net accel-
erating potential)
2. The sputtering yields at 800 eV are(l0)
a. Platinum, 1.5 atoms/ion
b. Copper, 2.0 atoms/ion
c. Stainless steel, 0.9 atoms/ion

3. All sputtered material incident on the glass sur-
faces of the grid adhere to those surfaces.

4. The beam current density at a given location
specified by an axial distance from the thruster, Z, and
an angle, ¢, from the axis is given by the relation
[3(Z, 9)/3(Z,0)] = e [ML-COS O™ Thig equation gives
good agreement with experimental probe results. Val-
uesof n=1,0 and A =25 were evaluated using ex-
perimental results of Ref. 4.

The vacuum tank geometries providing the thickest
coating in a given time are those using a target in the
1.5 m diameter insulated vacuum tank. Of these two,
the platinum target ranks higher than the copper by vir-
tue of its larger diameter. These two geometries are
followed by the 1.5 m diameter vacuum tank without tar-
get or insulating liners and the 7.6 m diameter facility.

Another method of ranking facility geometries ac-
cording to sputtered material arrival rate is the use of
glass slides to collect sample materials. The thickness
of the coating on the glass slides is assumed propor-
tional to the thickness of the coating on the glass sur-
faces of the grid. The thickness of the coating on the
slides is directly related to the reduction of the optical
transmission of the glass slides. The reduction in the
optical fransmission of a slide for an entire run was
determined by using a densitometer. The average re-
duction of optical transmission per unit time was com-
puted from this value and the total run time.

The rate of reduction for all tests are given in
Table T along with other pertinent test data. These in-
clude run times, ampere minutes, and the condition of
any coating on the glass surfaces of the grid as deter-
minted by resistance measurement or other means.
Four tests which are of particular interest in deter-
mining the effect of facility size are tests 2, 4B, 6B,
and 11. In each of these tests the grid was initially free
of a conductive coating. The thruster was run as long
as necessary to achieve a 1.5 A beam. This time
ranged from 55 to 1500 minutes.

Four criteria were used to determine the eifect of
facility size and configuration and the results are shown
in Table II. These were the calculated values of
ampere-minutes required to reach a given thickness of
sputtered material, the ampere-minutes and total min-
utes required to reach the maximum beam attained, and
the rate of reduction of the optical transmission of the
glass slides. This provides a ranking of facilities in
agreement with the calculated curves of Fig. 9 and with
the beam current-time profiles of tests 2, 4B, 6B, and
11 presented in Fig. 10.

Deterioration of Conductive Coating

Test 4 was carried beyond segments A and B as al-
ready discussed to determine the permanance of the sput-
tered coating after the source had been removed. The
copper target was removed after test 4B and the thruster
continued to operate at 1.25 A beam without any change
for 240 minutes throughout test 4C (fig. 9). The glass
surface condition was believed to be conductive based on



the beam current capability. Measurements were not
made at this point, however. After test 4C, the vacuum
tank was bled to atmosphere and repumped after 30 min-
utes. The surface condition at this point was not known.
The thruster was restarted for test 5. Figure 11 shows
that the beam current rose quickly, requiring only

50 minutes to reach a maximum value. However, the
beam did not quite reach the 1.25 A level of test 4C and
continued to decrease to 1.0 A at the end of the 400 min-
ute test. The conductivity of the glass surface after the
test but before exposure to atmosphere is not known.
The grid was removed from vacuum and the surface
conductivity measured after test 5. The surface was not
conductive. Based on this test, it was concluded that the
conductive copper coating which had been deposited dur-
ing test 4B was harmed, possibly by oxidation, when
briefly exposed to atmosphere.

Test 6 was run using a platinum target, providing a
source metal which would not oxidize when exposed to
atmosphere. The time history of test 6A and B closely
paralleled that of test 4A and B. When this grid was re-
moved from vacuum, it was found that the glass surface
was highly conductive, with resistance measurements
less than 100 ohms for most measurements. Using the
curve of Fig. 9 and the total ampere-minutes of test 6B,
Table I, an approximate thickness of 550 monolayers of
platinum could be expected. The same analysis applied
to those cases involving conductive copper and/or iron
coatings results in expected thicknesses of 300 mono-
layers or more (tests 1, 2, 4B). In addition, the con-
ductivity of copper is about 7 times that of platinum.

Yet the platinum coated grid had measured conductivi-
ties five orders of magnitude greater than a copper
coated grid. A possible cause of this difference is a
surface effect resulting from oxidation in those cases
involving copper and/or iron coatings.

The grid was tested with the platinum coating in the
1.5 m diameter facility with insulating liners in place.
The start-up procedure differed slightly in that the pro-
pellant flow was started about 10 minutes before the high
voltages were applied to the extraction system. The
beam current reached 1.5 A in 5 minutes from the time
the extraction voltages were turned on. The test was
continued for a total of 400 minutes with no noticeable
change in beam current.

This grid was also tested in the 7.6 m diameter
vacuum tank. Beam current rise times of 8, 22, and
35 minutes were observed in three separate tests. This
is compared with test 12 (Table I) in which the beam
current did not exceed 0.7 amp in 705 minutes of testing.
As shown previously (figs. 9 and 10), the flux rate of
back sputtered material is so small that the thickness of
any coating on glass surfaces is insignificant in the first
10 hours.

The results of tests 4 and 5 (fig. 11) indicate that
exposure to atmosphere of a copper or iron coating has
an effect on that coating which results in decreased beam
current capability. This is shown by several tests in.
the 7.6 m diameter facility. Figure 12(a) shows the re-
sults for tests 13 through 16. The grid was free of con-
ductive material at the start of test 13. A total time of

833 minutes was required to build up the needed conduc-
tive coating to yield a 1.5 A beam. The test was ter-
minated shortly thereafter but the grid was kept at a
1077 torr vacuum for 8 hours. Test 14 was then started.
In this case, a time of 75 minutes was all that was
needed to achieve a 1.5 A beam. At the end of test 14,
the grid was exposed to atmosphere, and the resistance
of the coating on the glass surface was measured and
found to be non-conducting. Tests 15 and 16 were run in
the same sequence as 13 and 14. Again the initial start
required 940 minutes and the restart 60 minutes to reach
al.5 Abeam. When removed from vacuum, the coating
on the glass surface was found to be non-conducting.

The performance of the grid strongly suggests the pres-
ence of a conductive coating at the end of tests 13 and 15
and throughout tests 14 and 16. This coating loses its
conductivity when the grid is exposed to atmosphere.
This was confirmed in a separate test in the 7.6 m di-
ameter facility. A probe identical to that of Fig. 1 was
installed inside the facility. This probe could be in-
serted into a grid hole to provide a glass surface re-
sistance measurement while still in vacuum. Resist-
ance measurements were made with an instrument hav-
ing a 105 megaohm capability. At the start of the test,
the surface resistance was in excess of 20,000 MQ. The
resistance decreased to 300 MQ at a beam current of
0.75 amp and to less than 20 M2 at a beam current of
1.5 amps. However, when the grid was exposed to at-
mosphere, the resistance increased to 300 MR within
several minutes, and-increased to several thousand
megohms within several additional minutes.

Figure 12(b) shows the behavior of the accelerator
drain current for each of these tests. For tests 13 and
15 the drain current remained below 10 mA until the
coating on the glass was sufficient to extracta 1.5 A
beam current. At this point there was a marked in-
crease in the drain current. This occurred in every
case where the grid required many hours to accumulate
the required coatings. In those cases where the grid
had an initial coating sufficient to extract a 1.5 A beam
current, the rate of increase of drain current at the
start of a test would vary. However, the drain current
always showed signs of increasing to a value in excess
of 20 mA.

Exceptions occurred in test 2, where the test was
terminated shortly after the beam current reached
1.5 A, and the drain current remained less-than 8 mA.
In those tests with the copper target (4A, B, C, and 5)
the accelerator drain current did not increase above
8 mA and the beam current only reached 1.25 A. In
all tests where the conductive backsputtered material
was absent or negligible, and the grid geometry was
not altered to simulate a conductive coating, the accel-
erator drain current was always less than 8 mA.

A coating sufficient to provide a 1.5 A beam cur-
rent apparently causes high accelerator drain currents.
This represents a power loss of several watts, but
more important could affect grid lifetimes. However
an investigation of this phenomenon is beyond the scope
of this paper.

Table I shows the beam ampere minutes of each



run and corresponding approximate number of mono-
layers of backsputtered material expected to be de-
posited on the grid, based on the calculations of Fig. 9.
Note that all grids with an initial conductive coating re-
quired less than 50 monolayers of backsputtered mate-
rial, and all but one required less than 5 monolayers to
reach 2 1.5 A beam. All grids without an initial coat~
ing required more than 50 and as high as 440 mono-
layers of backsputtered material to reach a 1.5 A beam.
In the case of test 12, 42 monolayers on a grid with no
initial coating were not sufficient to produce a 1.5 A
beam.

No conductive coating was detected on the grid after
any of tests 11 through 16, yet a 1.5 amp beam current
was realized in each of these tests. However a conduc-
tive coating was detected after tests 1 and 2. Figure 9
predicts a thicker coating for both tests 1 and 2 than for
any of tests 11 through 16. This suggests that some
minimum coating thickness of vacuum tank material
must be built up in order for the coating to withstand
exposure to atmosphere.

The deterioration of the beam current capability in
test 5 after exposure to atmosphere (fig. 11), and the
fact that a grid coated with platinum is independent of
atmospheric exposure (tests 7 through 10) lead to the
conclusion that a copper and/or iron coating is suscep-
table to some process such as oxidation which, in the
case of thin deposited coatings, destroys the conduct-
ance of the grid and hence its beam current capability.
These facts also suggest that sputter deposition of a
material which will not oxidize may be a possible final
step in the fabrication of glass coated accelerator grids.

Effect of Neutralizer Shield Screen

Table I shows tests 11, 13, and 15 to be almost
identical in configuration and procedure but to vary by
almost 700 minutes in the time required to reach a
1.5 A beam. The ampere-minutes differ by 470 or ap-
proximately 50%. The reason is an additional source of
backsputtered material presented by the neutralizer
shield screen (fig. 1). The configurations tested are
shown in Fig. 13. This includes both the neutralizer
shield screen and the facility ground potential screen.
In test 14, both screens were positioned such that ions
leaving the extraction grid at high angles of divergence
would strike the metal surfaces. The position of these
screens define a half angle, 0, of a beam envelope. All
beam ions inside this envelope will have to travel to the
facility wall to sputter metal and the sputtered material
will have a smaller splid angle which will permit it to
return to the grid. The angle was inereased slightly by
retracting the neutralizer shield screen for test 13 as
shown in Fig. 13. This increased the time required to
reach a 1.5 A beam by about 190 minutes (fig. 14). Re-
tracting the facility ground screen increased the beam
current rise time by 560 minutes. The geometry of
test 11 defined a beam envelope of approximately 85 de-
grees and virtually eliminated the effect of sputtered
material from thruster components.

In all tests except 1, 2, 11, and 13 the sputtered
conductive material from these screens was reduced to

a negligible amount by either covering them with insula-
ting material or moving them out of the beam current.

Spectrographic _Analysis

A qualitative spectrographic analysis was made of
deposits on several coated glass slides and samples.of
deposits found in the vacuum tank. These analysis con-
firmed the elements of the backsputtered materials for
each test segment. Slides used in facilities without insu-
lating liners collected primarily copper (from the liquid
nitrogen baffle), and chromium, nickel, and iron (from
the stainless steel facility). When a target was used, the
primary element detected was the target material.
Analysis of a section of the insulating material taken
from the facility after the test using the copper target
revealed strong evidence of silicon and aluminum (the
only traceable elements of silicon dioxide and aluminum
oxide) but only traces of copper. The same analysis
after the test using a platinum target revealed strong
evidence of platinum as well as silicon and aluminum.

Facility and Testing Requirements

The effect of backsputtered material from the fa-
cility on glass coated grid performance.places some re-
strictions on the type of environment in which these grids
can be tested for extended periods of time. The possible
test environments include

(1) Metal tank or target

(2) Tank lined with low vapor pressure non-
conducting material

(3) Tank lined with high vapor pressure material
(i.e., frozen mercury target)

(4) Space

There are several possible competing processes which
may affect grid performance. These include

(1) Erosion of grid metal or glass by ion bombard-
ment

(2) Change of electric fields in region of beam ex~
traction by deposition of sputtered conducting material on
grid sarfaces

(3) Change of electric fields by deposition of sput-
tered non-conducting material on grid surfaces

Those effects which might be expected in each en-
vironment are shown in Table III. Erosion by ion bom-
bardment will always occur in any environment. The
erosion must be reduced to a rate which will produce in-
significant detrimental changes over the required grid
lifetime. Deposition of sputtered metal on glass surfaces
must be avoided since this is known to significantly alter
the beam current capability of the grid. However, sput-
tered insulator deposited on glass probably would not
alter the electric field and hence would not be considered
harmful. However there is the possibility that backsput-
tered metal might replenish some metal lost through ion
erosion and thus reflect an erroneously low ion erosion
rate.

The same arguement applies to the deposition of
sputtered non-conducting material on glass surfaces.



The effect of non-conducting materials on metal surfaces
is not known, but it certainly is possible that these coat-
ings may alter the electric field in the extraction region.

The use of a high vapor pressure target material
would prevent the condensation of this material on the
relatively warm (150° C) surfaces of the thruster. In
addition, the sputtered material from this type of target
could easily be cryopumped to maintain sufficiently low
background pressures. This environment most closely
duplicates the grid test conditions to be expected in
space.

It may also be possible to eliminate the deposition of
sputtered materials rather than eliminating the materials
themselves. A change in the design of the glass coated
accelerator grid to provide a high beam current capabil-
ity may also eliminate the line of sight from the target
source of backsputtered materials to all critical grid
surfaces. However, testing would be required with the
explicit purpose of proving the absence of any interaction
between facility and accelerator grid capability.

High Beam Current Grid

The series of tests described have shown that geom-
etry of the accelerator potential surfaces has a pro-
nounced affect upon the ion beam current extraction
capability. Efforts were made to design and fabricate a
glass coated accelerator grid which was capable 0of 1.5
ampere ion beam current operation without requiring
facility backsputtered material.  All the designs were
based on a shortening of the distance between the up-
stream glass surface and the nearest accelerator poten-
tial surface. A comparison of three basic grid geome-
tries is shown in Fig. 15. Grid a is the conventional fa-
cility dependent grid. Grid b was sputtered with plati-
num so that a non-oxidizing conductive coating extended
part way into the hole wall thus reducing the distance
from the upstream glass surface to the nearest acceler-
ator potential surface. Grid ¢ was fabricated out of
photo-chemically etched molybdenum and coated with
glass by a method which prevented the glass from cover-
ing the molybdenum in the hole walls, again shortening
the glass surface to accelerator potential surface dis-
tance. Grid c is different than grid b in that the most
upstream accelerator potential surface is well defined
and measurable. Results of testing this grid indicate the
increase of ion beam current extration due to the short-
ening of the upstream glass surface fo nearest accelera-
tor potential surface distance is much greater than that
predicted by the simple inverse square relationship for
the parallel electrode space charge limited current. The
performance of these three grids in a 7.6 m diameter fa-
cility is shown in Fig. 16. Tests 8 and 17 (grids b and ¢
of fig. 15) required less than 35 minutes to reachal.5
ampere beam, and are obviously independent of the fa-
cility. Test 12 (grid a, fig. 15) was a grid free of con-
ductive coatings and required backsputtered material
from the facility to increase the beam current capability
and provide a 1.5 A beam current.

The data of Fig. 16 show two grid geometries which
can be fabricated and can extract a 1.5 A beam without
the requirement for material from the vacuum tank.

This does not necessarily mean that the facility will not
in some way affect the grid performance. Further test-
ing is required to determine this point as well as that of
grid lifetime.

Conclusion

Tests of glass coated accelerator grids in different
environments have shown grid beam current capability
to depend on conductive material, sputtered from the fa-
cility, being deposited on the glass surfaces of the grid.
In all cases where a conductive coating existed at the
start of a test, the beam current rise would be deter-
mined by thermal response of the thruster and feed sys-
tem. In all cases where a conductive coating did not
exist, the beam current rise was much longer, being
determined by the rate at which facility conductive ma~
terial was being built up on the glass surfaces of the
grid.  This rate was in turn determined by the facility
size and geometry. It was found that a 7.6 m diameter
vacuum tank required as much as 25 hours of 30 cm di-
ameter thruster operation to build up a conductive coat-
ing thick enough to provide a 1.5 A beam. Thus, a
vacuum tank, which is large compared to the size of the
thruster, can be used to properly evaluate a grid geom-
etry over a period of several hours. However, extended
life testing would cause facility grid interaction if steps
were not taken to eliminate backsputtered material from
the facility.

The test results indicate the desirability for testing
in a facility with a high vapor pressure target material
to prevent condensable backsputiered material from de-
position on the relatively warm grid surfaces. An al-
ternate approach is the design of a grid which would
eliminate a line of sight from target material sources to
critical surfaces of the glass coated accelerator grids.

Twe grids with metallic surfaces to simulate a con-
ductive backsputtered coating were tested. One grid had
a coating of platinum deposited on glass surfaces, The
platinum coating was unaffected by exposure to atmos-
phere. The second grid used a metal substrate geometry
which simulated the conductive coating. Both grids ex-
tracted a 1.5 A beam current without the need for back-
sputtered material from the vacuum tank.
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E-6058

Run Grid surface resistance 1.5A] 1.5A 1.5 A Total Total Total | Percent Rate of Facil- Notes Grid
no. beam | beam [ beam | run run run |reduction| vreduction ity (fig. 1)
Before | After run | After | min. |amp-min.| mono- | min. {amp-min. | mono- | of glass of glass diam,
run, vacuum, run; layers layers | optical optical m
Q Q atm. @ trans- |transmission,
mission %/hr
8 [<1008 |<1000(2) |<100% 35 31 2 47 45 4 1 0.021 7.6 1
9 |<1009 |<1009(a) |[<100@ 22 16.5 1 113 151 36 5 1044 7.6 1
10 [<1008 {<1002(®) |<1009 8 5 51 65 88 6 1 015 7.6 1
7 |<w002 <1002 |<1009 6 5.9 0 400 610 0 P R 1.50) 1
1 |Cond® 11-10M0®) [1-10Me | 40 29 48 153 202 sto | 72 0.47 1.5 1
5 {cond(®) | Cond(® © 50 53 0 400 424 0 81to 16 | 0.04 t0 0.02 | 1.5(f 1
16 |Cond@ |Cond(® w 60 66 5 410 586 41 7.6 |1000 V net accelerating potential | 2
14 |cond® | conal® o 75 66 5 | 4410 250 18 7.6 |1000 V net accelerating potential | 2
17 |Short Short Short 28 23 2 34 29 2 7.6 |700 V net accelerator potential Fig.
15-C
68 | «® |<t002® <1000 55 64 400 70 87 550 99.96 1.4 1.58) | platinum target 1
4B | =@ |cond® |Notex-| 110{ 139 440 150 139 440 | 8510 65| 0.57 to 0.43 | 1.5 |Copper target 1
E posed
2 w 1MQ-o(8) {iM@-e | 110 90 140 177 188 300 60 0.34 1.5 1
13 o Cond(d) Not ex- 833 717 52 900 829 60 - ——— 7.6 1000 V net accelerating potential 2
posed
15 | o |cond® |Notex-| 940 | 717 52 |1810 | 2087 145 - — 7.6 |1000 V net accelerating potential | 2
po sed
11 w Cond(d) w0 1500 | 1187 85 2020 | 3317 240 76 0.026 7.6 [1000 V net accelerating potential | 2
12 o w(d) 0 e - 705 590 42 9 0.013 7.6 2
3] w (@) w0 SN (- - 652 332 - 6 . 009 1.5(0 1
A = w(e) Not ex- | mmmm | =mmm - 240 122 — | 12 .05 1.5® 1
posed
6A w w(e) Not €X~ | =~~=w | =—-—- - 200 91 - 8 .04 1.5(0 1
posed
4C [Cond(®) | Cond(e) Cond{®) | menm | ———- — 240 300 - 12 0.05 1.5() |No beam decrease 1
5 | cond(©) | condl©) © - 53 e 400 424 - 86161 0.04 t0 0.02 | 1.5() |Beam decrease at 33 mA /hr 1

(a)Maximum valve-exposure to atmosphere does not decrease surface resistance.
(b)Based on visual examination, resistance after test; and previous history.
(¢)Not measured - inferred from grid performance and previous history.
(d)Based on measurements made on same grid in similar test in same facility.

(¢)Based on lack of conducting material in facility during test or previous test segment.

(f)Facility with insulating liners.
All operating parameters: Net accelerating potential, 800 V; accelerator potential, 500 V; emission current, 8 amps; unless otherwise specified.

TABLE I. - SUMMARY OF TEST CONDITIONS AND RESULTS

[ Note: « indicates resistance greater than 17 mQ (instrument limit).]




Test Facility Relative |Relative time | Relative amp-min | Relative rate of
amp-min {{o reach max to reach max glass slide
for given |beam (fig. 9) beam (fig. 9) transmission
thickness| (Table I) (Table I) reduction

(fig. 9) (Table T)
6B | Pt target only 0.25 0.50 0.71 0.24
1.5 m-diam facility

4B |{Cu target only 0.51 1.0 0.97 0.6 0.8
1.5 m~diam facility

2 |1.5 m-diam facility 1 1 1 1

No target or insu-
lating liners

11 }7.6 m-diam facility{ 22 13.7 13.2 13.1
No target or insu-
lating liners

All values normalized to unity for test 2.

TABLE II. - RANKING OF FACILITIES ACCORDING TO BEAM CURRENT RESPONSE,
AND CALCULATED AND MEASURED COATING THICKNESS

Sputtered metal Sputtered insulator
deposition deposition
Glass Metal Glass Metal
Metal tank or target | Problem Possible | No problem |No problem
problem
Insulated tank No problem No Possible Possible
Low vapor pressure problem | problem problem
Tank lined with high |No problem No No problem | No problem
vapor pressure tar- problem
get
Space No problem No No problem }No problem
problem

TABLE 1I. -~ POSSIBLE TESTING PROBLEMS OF ION ENGINES IN
DIFFERENT ENVIRONMENTS
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Figure 1. - Sketch of 30-centimeter diameter electron bombardment thruster showing
glass coated accelerator grid (dimensions in mm).,
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Figure 2. ~ 1.5 Meter-diameter by 4.6 meter long vacuum facility.
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Figure 4. - Glass coated accelerator grid (downstream side) after
being acid cleaned,
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Figure 5, - Hole wall surface resistance meas-
urements.
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Figure 7. - Beam current-time history for tests in 1.5
meter diameter insulated facility without target and with
copper and platinum targets.



3

E-6058

1000 &S S S

100

(a) Grid with typical conductive coating on glass.

’\.
Lotabdd A bbbl Contdd 1t

1
.1 1.0 10 102 103 104
NUMBER OF BEAM IONS, A, MIN

Figure 9. - Calculated thickness of sputtered material de-
posited on thruster centerline as a function of ampere-
minutes of run time for various targets and facitities,
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(b) Grid after test 68 with no conductive coating on glass.

Figure 8. ~ Photographs of upstream (glass) surface of grid,
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Figure 10. - Comparison of four different facility con-
figurations for testing glass grids.
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Figure 11. - Beam current-time history for tests 4A through C
and test 5 in L 5 meter-diameter facility with insulated liners
shiowing effect of exposure to atmosphere.
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Figure 12. - Startup performance of grid initially free of conduc-
tor coating, and restart of the same grid after having ex-
tracted 1.5 A beam and been kept at 1077 torr vacuum,
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Figure 13. - Sketch showing different neutralizer shield screen and facility
ground screen configurations tested.
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Figure 14, - Effect of neutralizer shield screen and facility ground
screen on start-up performer of grid having no critical conduc-
tive coating.
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Figure 16. - Tests of three grid
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Figure. 15. - Sketch of three grid geometries tested in 7.6 m-diam
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